principles of Good Laboratory Practice (GLP) with any aspects of method validation not performed according to GLP clearly identified and their potential impact on the validation status of the method indicated. Additionally, the EMA Guideline states that the validation of bioanalytical methods and the analysis of study samples for clinical trials in humans should be performed following the principles of Good Clinical Practice (GCP). This is in contrast to the 2001 FDA Guidance [8] and will be discussed at a future GCC closed meeting.
The GCC recommendations on the interpretation of the finalized EMA Guideline on BMV were grouped into the following topics:
n Reference Standards: certificates of analysis and internal standards (IS);
n Calibration curve and accuracy;
n IS stability, processed sample stability and matrix effect;
n Analysis of study samples and incurred sample reanalysis (ISR);
n Ligand binding assay (LBA)-specific issues.
Some of the major differences between the finalized EMA Guideline, the 2001 FDA guidance and the Crystal City III White Paper [9] were also presented in a tabular format during the GCC Closed Forums (Table 1) . The content and quality of certificates of analysis varies depending on the supplier and, in some cases, certain information, for example expiry or re-test date, is missing. The supplier may sometimes be contacted to obtain the missing information and when this information is not provided some CROs have a general standard operating procedure (SOP) to assign expiry dates to reference standards.
The GCC recommendation for certificates of analysis is shown in box 1.
Section 4.1 of the EMA Guideline also states that "The use of certified standards is not needed for the IS, as long as the suitability for use is demonstrated." The majority of CROs are currently performing tests to demonstrate the suitability of the IS. In general, the interference at the analyte retention time from the presence of the IS is tested in analytical solutions (via the interference check) and in matrix (via selectivity experiments). The suitability of the IS is demonstrated in method development and overall validation results. Additionally, the absence of interference from the IS is usually demonstrated in every analytical batch via blank samples containing only IS (zero sample).
The GCC recommendation for IS is shown in box 2. In the Accuracy section of the EMA Guideline (section 4.1.5), there is a requirement concerning quality control (QC) samples preparation that was also not present in the draft version of the guideline: "The QC samples should be spiked independently from the calibration standards, using separately prepared stock solutions, unless the nominal concentration(s) of the stock solutions have been established." The most common approach in the industry seems to be the use of two separate stocks, unless there is limited compound, and to not determine the nominal concentrations. However, the comparison (correlation) of stock solutions prepared from Box 1. The GCC recommendation for certificates of analysis.
Calibration curve & accuracy
n A standard format and content for certificates of analysis would be beneficial. However, it is recognized that establishing this standard will not happen prior to the effective date of the Guideline. The minimum information requested by the EMA Guideline reflects the minimum information that the industry would like to receive for reference standards. Therefore, the GCC strongly urges the suppliers of reference standards to provide all of the requested information and recommends that information not supplied is discussed in the bioanalytical report, including an assessment of the potential impact.
Box 2. The GCC recommendation for IS.
n It is recommended to continue performing these tests. Furthermore, the GCC recommends that during method development the threshold of internal standard (IS) concentration for impact on the proposed LLOQ of the method should be determined, for example via an analytical solution interference check, but that no specific experiment determining this is required to be performed during validation. The suitability of the IS in matrix should be assessed during validation with selectivity experiments and continually for all analytical batches using blank samples containing IS. Also, on receipt of each new lot of IS reference standard, an assessment should be made of any information provided and it is recommended that an analytical solution of the IS is used to check for interference.
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IS stability, processed sample stability & matrix effect Section 4.1.9 of the EMA Guideline mentions the following about stability of the IS: "It is not needed to study the stability of stable-isotope labeled internal standards if it is demonstrated that no isotope exchange reactions occur under the same conditions as the stability of the analyte was demonstrated."
It is commonly demonstrated that no isotope exchange reaction occurs and the amount of unlabeled compound is evaluated either in method development, validation and/or with any sample analysis batch. The isotopic purity is not necessarily demonstrated but as previously mentioned, interference coming from the IS is generally evaluated by spiking blank matrix with the IS and evaluating any interfering peak at the analyte's retention time against the LLOQ (specificity) or by injecting replicates of an analytical solution of the IS compared to replicates of the LLOQ (interference check), or a mixture of both tests over the method development/validation and/or sample analysis. When using a new batch of IS, these tests are repeated, generally using the zero sample (i.e., analyte-free sample spiked with IS only) within every analytical batch.
The GCC recommendation for IS stability is shown in box 5.
One of the subjects brought forth in the EMA Guideline is the stability of the analyte and the IS in extracts. The EMA Guideline, section 4.1, requires "…stability of the analyte(s) and of the internal standard … in extracts under the entire period of storage and processing conditions." Postpreparative sample stability following initial injection is normally evaluated, thus effectively assessing the stability of extracts containing both the analyte and the IS.
Furthermore, section 4.1.9. of the EMA Guideline states: "…stability of processed sample … on-instrument/autosampler stability of the processed sample…" The re-injection reproducibility is performed by re-injecting a whole batch after a period of storage. The processed (postpreparative) sample stability is performed by reinjecting QC samples along with a freshly prepared calibration curve. However, the processed sample stability approach, as described above, arguably demonstrates both extraction stability and re-injection reproducibility.
The GCC recommendation for processed sample stability is shown in box 6.
Box 5. The GCC recommendation for IS stability.
n The investigation of stability of stable-labeled internal standard (IS) in solutions should not routinely be performed since IS is only used to compensate for losses during sample processing and is not quantified. Hence, the GCC recommends that there is no need to perform stability of stable-labeled IS in solutions (stock and derived solutions) unless evaluation of the certificate of analysis, pure solution checks or the chemistry of the IS suggests that there is a potential for instability resulting in interference. As previously discussed, the suitability of the stable-labeled IS in matrix should be continually assessed via blank samples containing IS.
Box 4. The GCC recommendation for accuracy.
n The GCC recommends that where sufficient reference material is available, independent stock solutions should be used. If sufficient material is not available, this should be discussed within the bioanalytical report. Correlation of stocks prior to use can add extra confidence.
Box 3. The GCC recommendation for calibration curve.
n In the event of calibration standard failure at a LOQ during validation, the GCC recommends the following: n If all of the LLOQ or ULOQ calibration standards are rejected for one or more validation batches and an assignable cause is determined, then the validation batches should not need to be rejected if the method does not require modification and if the 'model' is not affected. Ligand binding assays using more complex regression models are more likely to be affected by a loss of LOQ and therefore these batches may need to be rejected. If remedial action to correct the assigned cause can be taken, the batches should be accepted and the validation continued. Some evaluations from the affected batches would need to be repeated, for example precision and accuracy at the affected level, selectivity if the LLOQ was affected, and so on;
n If all of the LLOQ or ULOQ calibration standards are rejected for a single validation batch and no assignable cause is determined then the validation batch should be rejected and the validation continued;
n If all of the LLOQ or ULOQ calibration standards are rejected for more than one validation batch and no assignable cause is determined then the validation batches should be rejected and an investigation performed. If necessary, the method should be redeveloped before restarting the validation.
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The matrix effect is also a hot topic since the EMA Guideline, section 4.1.8, states: "…the matrix factor (MF) should be calculated for each lot of matrix…" Presently, the MF is used by some in the industry to evaluate the matrix effect. For others, the matrix effect is evaluated by calculating the mean precision and accuracy of plasma concentration values in different matrix lots and by evaluating the suppression/enhancement by comparing responses in the presence and absence of matrix. The use of the matrix factor may not always be applicable, for example because of pure solutions adsorption/solubility issues.
The GCC recommendation for matrix effect is shown in box 7.
In the same EMA Guideline section, the matrix effect is further discussed as follows: "If a formulation for injection to be administered to the subjects or animals contains excipients known to be responsible for matrix effects, for instance polyethylene glycol or polysorbate, the matrix effects should be studied with matrix containing these excipients … The matrix used for this evaluation should be obtained from subjects or animals administered the excipient, unless it has been demonstrated that the excipient is not metabolized or transformed in vivo." In general, this kind of investigation is not performed and/or it is considered unnecessary, as the impact, if any, is mostly due to the presence of the excipient, not its in vivo metabolism or transformation. Matrix spiked with the excipient is used to investigate potentially problematic excipients since the use of excipientdosed subjects is difficult to obtain in practice, especially in the validation stage. Furthermore, as different formulations could be administered over several studies, it would increase the type of matrices to be assessed for matrix effect.
The GCC recommendation when in presence of excipients known to affect matrix effect is shown in box 8.
The EMA guideline also recommends that when samples from special populations, for example renally or hepatically impaired populations, are to be analyzed then matrix effects using matrix from such populations should be investigated.
The GCC recommendation for matrix obtained from special populations is shown in box 9.
Analysis of study samples & ISR
The analysis of study samples is described in detail in section 5 of the EMA Guideline. One of the requirements of this section that needs further interpretation was the following: "Before start of the analysis of the study samples the performance of the bioanalytical method should have been verified." It may not be clear how the analytical method should be verified; what period of time needs to elapse before verification is required; if system suitability is considered adequate; or Box 6. The GCC recommendation for processed sample stability.
n GCC recommends that re-injection reproducibility be performed. When an issue is anticipated (e.g., where the method results in a small sample extract volume where re-injection would not be possible), an experiment comparing fresh calibration standards and QC samples with stored extracts can be performed, either in addition or in replace of the re-injection reproducibility experiment. As dry extracts are typically reconstituted in a timely manner, the GCC recommends that the stability of dry extracts would not be required, unless the chemistry of the compound suggests that there is a potential for a stability issue and when it is expected that the dry extracts may be stored prior to reconstitution.
Box 7. The GCC recommendation for matrix effect.
n As both the FDA Crystal City III White Paper and the EMA Guideline endorse the use of the matrix factor, GCC recommends that this should be the standard approach. It was also recommended that although scientifically the IS-normalized matrix factor should not be required when using a stable-labeled internal standard (IS), the data to calculate this is produced during the matrix effect experiment and, therefore, the presentation of the IS-normalized matrix factor would not require any additional experimental effort. Therefore, the GCC recommends the use of the matrix factor to assess matrix effects, including presenting the IS-normalized data for methods using a stable-labeled IS.
Box 8. The GCC recommendation when in presence of excipients known to affect matrix effect.
n Matrix obtained from subjects or animals who had been dosed the excipient are not typically available during validation, and when they are, the use of these samples for validation purposes is not typically discussed within the informed consent or the appropriate clinical or toxicology protocols. Therefore, the GCC recommends the use of matrix spiked with excipient to be used to assess matrix effects during validation. If results or IS response suggests a possible issue during sample analysis, appropriate incurred samples could be investigated, specifically per cause investigation to determine whether or not there is a matrix effect.
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www.future-science.com if a "commissioning batch" should be required. Indeed, this section can be interpreted differently and can refer to system suitability; to a "test batch" containing calibration standards and a varying number of replicates of QC samples (typically informal and not reported); or to a partial re-validation for the re-evaluation of precision and accuracy. Also the period of time could vary widely depending on the interpretation, for example in each batch for system suitability, and from 2 weeks to 2 years for partial re-validation.
The GCC recommendation on analysis of study samples is shown in box 10.
In section 5.1 of the EMA Guideline it is mentioned that: "For bioequivalence studies … QC samples should be divided over the run in such a way that the accuracy and precision of the whole run is ensured." In general, half of the QC samples at the front and the other half at the end of the run with all study samples bracketed by the QC samples cannot be considered to be 'divided over the run'. Indeed, QC samples split front and back of an analytical run cannot be adequate to ensure the accuracy and precision of the whole run. Randomization throughout the analytical run can be considered optimal, though bracketing with QC samples may be also acceptable, for small batches or to minimize carryover.
The GCC recommendation on placement of calibration standards and QC samples is shown in box 11.
Regarding the run acceptance criteria described in section 5.2 of the EMA Guideline, it is mentioned that "In case the overall mean accuracy and precision exceeds 15%, this should lead to additional investigations justifying this deviation. In the case of bioequivalence trials it may result in the rejection of the data." During discussions on this section it was pointed out that this is 'study' and not 'run' acceptance criteria and that run acceptance criteria should be adequate.
Meeting these criteria for bioequivalence studies (BE) should be unproblematic as the method used should be robust and bioequivalence studies typically involve a large number of analytical runs. A variety of statistical tests Box 9. The GCC recommendation for matrix obtained from special populations.
n The GCC recommends that these investigations should not be performed in pre-study validation but within-study to avoid potentially unnecessary investigations. These investigations could be performed by spiking control matrix obtained from special populations (though these matrices may be costly and difficult to source) or by using appropriate incurred samples, for example comparing the analysis of the incurred samples analyzed diluted with normal control matrix and undiluted. However, the use of incurred samples would need to be covered by the informed consent and the clinical protocols.
Box 10. The GCC recommendation on analysis of study samples.
n System suitability is required to determine whether an analytical system is suitable for use on a particular occasion. Verification of the method is used to ensure that a method is performing adequately prior to extraction/analysis of study samples to avoid wasting study samples by using a method that is no longer suitable, for example following a period of non-use, receipt of a new standard and preparation of critical reagents, calibration standards or QC samples, to avoid errors due to incorrectly set up analytical systems and errors due to incorrectly prepared or unsuitable critical reagents, calibration standards and QC samples. Therefore, the GCC recommends that the process and frequency of verification are determined using a risk-based approach, for example if the analytical system set up is known to be problematic or if small sample volumes are available then it would be prudent to make sure the method is working before submitting the study samples for extraction or analysis. Similarly, if a method always performs well and critical reagents, calibrations standards and QC samples are known to be acceptable, then it may not be necessary to verify the method before sample analysis.
n The GCC recommends that verification of an analytical method is discussed in an standard operating procedure (SOP) that contains a definition of how and when to verify an analytical method, including contents of the batch and the acceptance criteria. The verification should be formal and should be a full batch containing samples for the assessment of precision and accuracy. In addition, for LBA an assessment of selectivity/specificity, parallelism and hook effect should also be considered. For ligand binding assays, run(s) of precision and accuracy are assessed as defined by the SOP. The validation acceptance criteria should be applied. The raw data should be retained, and if appropriate the verification should be discussed within the bioanalytical report. To ensure the procedures are followed it may also be prudent to include specific details in the SOP or Study Plan.
Box 11. The GCC recommendation on placement of calibration standards and QC samples.
n Randomization of QC samples versus minimizing carryover, as well as placement of calibration standards can both be valid and no one rule should be applied to all situations. Therefore, the GCC recommends that placement of calibration standards and QC samples should be determined on a case-by-case basis considering batch size, carryover and so on.
Bioanalysis (2012) 4(6) to determine statistical outliers can be used, for example Grubbs or Dixons Q tests, and then present overall mean and accuracy, including and excluding these statistical outliers. The section 5.2 of the EMA Guideline could be also applied to ligand-binding assays. The GCC recommendation on acceptance criteria is shown in box 12.
It is stated in section 5.5 of the EMA Guideline that "Chromatogram integration and re-integration should be described in a SOP." Having a SOP on chromatogram integration is a general industry practice. However, the contents of the SOP can be very variable, specifically covering how to integrate, how to justify re-integration and how to ensure traceability of integration. An integration SOP should cover all three areas.
The GCC recommendation on chromatogram integration is shown in box 13.
Section 6 of the EMA Guideline presents specific information and criteria on ISR. In that section, it is mentioned that "Large differences between results may indicate analytical issues and should be investigated." In evaluating this guideline, high outliers and trends should be taken into consideration, as well as when an investigation and/or reanalysis should be performed. For instance, there is no agreement in the industry on what to consider high outliers since values used may vary between bias greater than 30% and 100% from the average.
It seems to be a common approach in the industry, if the ISR acceptance criteria are met, not to investigate any high outliers that did not form a trend. Trends were considered to be a series of results that show commonality, specifically in terms of runs, populations (including gender), subjects or animals, timepoints, dilutions, consistently positive or negative bias (even if ISR acceptance criteria are met), and these should be investigated.
The GCC recommendation on ISR is shown in box 14.
LBA: reference standards, selectivity, matrix selection, parallelism & reagents Comparatively to the draft EMA Guideline, the requirements specific to LBA were considerably expanded in the final version of the EMA Guideline, where this topic appears in section 7 with several sub-sections.
Regarding reference standards, section 7. The GCC recommendation on reference standards is shown in box 15.
The EMA Guideline requires in section 7.1.1.3 that "Selectivity should be evaluated at the low end of an assay where problems occur in most cases. It may be prudent also to evaluate the selectivity at higher analyte concentrations. In cases where interference is concentration dependent, it is essential to determine the minimum concentrations where interference occurs." It seems that this is routinely assessed at both low and high concentrations or in some cases typically assessed at low concentrations, but additionally assessed at high concentrations when a client requests it. Furthermore, performing a hook effect (prozone effect) experiment would cover the higher concentration.
The GCC recommendation on matrix effect is shown in box 16.
For matrix selection, the EMA Guideline mentions the possibility to use extracted or alternative matrices in some particular cases. Section 7.1.1.5 of the guideline states the following to that effect: "QC samples should be prepared in the actual sample matrix and the accuracy should be calculated to demonstrate the absence of matrix effect." It is a common approach to prepare QC samples in the actual matrix. This section may be interpreted in different ways, for example including typical matrix effect assessments as well as assessments for use of surrogate matrices.
Moreover, discussions on the interpretation of this section may include when it is acceptable to use surrogate matrices and, as stripped matrices can be variable, whether or not a number of stripped matrices be investigated to ensure conformity against the QC samples prepared in actual sample matrix.
The GCC recommendation on matrix selection is shown in box 17. Section 7.1.1.10 of the EMA Guideline discusses parallelism evaluation in LBA: "If study samples are available, parallelism between the calibration standard curve and serially diluted study samples should be assessed (…)" This test is already commonly performed in the industry by assessing parallelism in incurred samples. However, in some cases parallelism assessments are performed only using a spiked sample due to the unavailability of appropriate incurred samples.
Without any doubt, incurred samples are more appropriate for parallelism investigations due to the presence of metabolites, excipients and so on. since the levels of these compounds would vary depending on the timepoint selected. If parallelism in incurred samples is performed during a sample analysis study, rather than a validation study, the subsequent data should be reported in the corresponding bioanalytical report.
The GCC recommendation on parallelism is shown in box 18.
For the evaluation of the stability of study samples at each temperature at which they will be stored, the EMA Guideline section 7.1.1.11 (part of the ligand binding sections) mentioned that "A bracketing approach may be considered". This approach is also mentioned in the stability section 4.1.9. However, in that same section, the following can be read: "For small molecules it is considered acceptable to apply a bracketing approach … For large molecules (such as peptides and proteins) stability should be studied at each temperature at which study samples will be stored." Although a bracketing approach is considered acceptable, presently it is common practice Box 17. The GCC recommendation on matrix selection.
n The GCC recommends that surrogate matrices should only be used for rare matrices or endogenous analytes. It is recommended to avoid stripped matrices, but if this is the only viable option then the stripped matrix should be treated as a critical reagent and should be assessed each time it is changed. If each stripped matrix is assessed each time it is changed then there would be no requirement to assess a number of stripped matrices during validation, though it may be prudent to perform this during method development to ensure a robust method is developed.
Box 15. The GCC recommendation on reference standards.
n The GCC strongly recommends that the same batch of material used for dosing should be made available for bioanalysis. If different batches are used, then this should be discussed in the bioanalytical report.
n For ligand binding assays, comparable performance of each reference standard in the validated assays should be demonstrated. Appropriate analytical design and acceptance criteria should be defined in the standard operating procedure.
Box 16. The GCC recommendation on matrix effect.
n Matrix effect at higher concentrations should be assessed, in particular for ligand binding assays. Therefore, the GCC recommends that matrix effect at low QC and high QC concentrations should be assessed, with an assessment of the prozone effect assessed in one pooled matrix for ligand binding assays.
Bioanalysis (2012) 4 (6) for LBA that the actual storage temperature is assessed: stability is performed at, or as close as possible, to the storage temperature of the incurred samples. A further consideration is that whereas for small molecules proven stability at -20°C would typically indicate acceptability for storage at -80°C, for large molecules this would not be the case as lower temperatures may cause stability issues, and vice versa.
The GCC recommendation on stability is shown in box 19.
Section 7.1.1.12 of the EMA Guideline is related to reagents used in LBA: "…accordingly, when changing reagent batches during validation or sample analysis the analytical performance of the analytical method must be verified to ensure that it is not altered compared with the original or previous batch." It is necessary to clarify up front what are critical reagents and, for specific assays, which of the reagents are considered to be critical.
The GCC recommendation on reagents is shown in box 20.
Future perspective
The GCC will continue to provide recommendations on hot topics in bioanalysis of global interest and expand its membership by coordinating its activities with the regional and international meetings held by the pharmaceutical industry. Some suggested future topics for discussion include how to perform matrix effect experiments with respect to hemolysis, hyperlipidemia and excipients, and the GLP conduct of validations. The next GCC Closed Forum is scheduled at the 6th Workshop on Recent Issues in Bioanalysis (6th WRIB) in San Antonio, Texas, USA in March 2012. Please contact the GCC for the exact date and time of the aforementioned meeting, and for all membership information.
